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[57] ABSTRACT 

A scanning apparatus for scanning and reading a lumines 
cent pattern of a sample in a ?at-plate shape, having a 
placing member for placing the sample as an object for 
reading; a light condensing member for condensing light 
emitted from the luminescent pattern of the sample; a 
movement member for moving the light condensing member 
relative to the placing member; a light receiving member for 
dividing the light of the luminescent pattern of the sample 
condensed by the light condensing member into predeter 
mined segments and receiving the light by scanning the light 
from the segments in a one-dimensional Way; a photoelec 
trical conversion member for converting optical signals of 
the light received by the light receiving member into elec 
trical signals; a control member for controlling a scan by the 
light receiving member in accordance With the electrical 
signals from the photoelectrical conversion member; and a 
data processing member for converting the electrical signals 
from the photoelectrical conversion member into digital 
signals and recon?guring an image from the optical signals 
of the light from the segment received selectively in a 
one-dimensional Way. The scanning apparatus can likewise 
scan and read a non-luminous or less luminous pattern of a 
sample by alloWing light from a plane light source to 
transmit through the pattern of the sample. 

4 Claims, 9 Drawing Sheets 
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SCANNING APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to a scanning apparatus 
capable of scanning and reading a faint intensity of light 
emitted from a pattern of a sample of ?at-plate shape at a 
high degree of sensitivity and, more particularly, to a scan 
ning apparatus for scanning and reading, as image data, a 
pattern of luminescence emitted to a faint extent from a 
sample of ?at-plate shape. 

Techniques of analysis by gel electrophoresis have hith 
erto been extensively employed for fractionaliZation or 
analysis of structures of proteins or nucleic acids of high 
molecular substances of a living body. In many cases, 
hoWever, the samples are to be obtained only in very small 
amounts by means of gel electrophoresis so that a secure and 
high degree of sensitivity to detection is particularly 
required for analysis of such samples. 

Therefore, there have hitherto been applied techniques to 
a sample available in a very small amount, Which involve 
labelling the sample as an object for analysis With a radio 
active substance, pouring the labelled sample into a gel, 
subjecting the gel to electrophoresis, attaching the electro 
phoresed gel onto an X-ray ?lm or the like for exposure to 
the sample labelled With the radioactive substance, transfer 
ring the light emitted from the radioactive substance to the 
X-ray ?lm, and scanning and reading the light as an elec 
trophoresis pattern of the sample. 

It should be noted, hoWever, that radioactive substances 
are very dangerous to handle and extreme care should be 
paid in handling and management of such radioactive sub 
stances. Therefore, recently, in order to require no use of 
such dangerous radioactive substances, there have been 
developed chemical luminescence methods Which can detect 
an electrophoresis pattern of a sample at a high degree of 
sensitivity by means of chemical luminescence. Such chemi 
cal luminescence methods comprise labelling a sample With 
a substance such as an enZyme, admixing the sample With a 
luminescent substrate to cause a chemical luminescence due 
to a chemical reaction betWeen the substance labelled in the 
sample and the luminescent substrate, and exposing the 
chemical luminescence emitted from the sample to a ?lm to 
thereby provide a pattern of the sample. 
More speci?cally, the results of blotting obtained by a 

chemical luminescence method are read by adding a lumi 
nescent substrate to a membrane to Which a sample is 
attached, causing chemical luminescence from the sample in 
accordance With an amount of the sample, and exposing the 
chemical luminescence to a highly sensitive ?lm, and scan 
ning the chemical luminescence of the ?lm. In some 
experiments, as chemical luminescence is very faint, a 
chemical luminescent substance capable of emitting chemi 
cal luminescence for a long period of time is required to be 
employed and a ?lm having a high degree of sensitivity is 
also required to be employed. Even in such instances, ten to 
tWenty hours are required for exposure of the sample to the 
highly sensitive ?lm. After completion of the exposure, the 
?lm is then developed to provide a desired blotting image. 
In order to analyZe the resulting image in a quantitative Way, 
for example, it is further scanned With a scanner for general 
use in scanning documents and images, fetched in a personal 
computer, and analyZed by image processing. 

In the above-described method using the highly sensitive 
?lm, a period of time to be set for exposure of a sample to 
the ?lm has been determined, in many cases, by experiences 
and feelings of an operator on the basis of the amount of the 
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2 
sample used, the amount of a chemically luminescent sub 
stance to be used for the sample, temperature conditions and 
so on. Therefore, experimental results cannot be gained in a 
stable and secure manner and experiments have been forced 
to be carried out again in many cases. Further, such a 
conventional method is encountered With the problem that 
measurements cannot be done in a Wide range due to the fact 
that a dynamic range should be determined by sensitivity 
characteristics of the ?lm. 

More recently, there has been made an attempt to solve 
the problems as described hereinabove, Which is involved in 
reading the light of chemical luminescence directly as an 
image by means of a highly sensitive camera. In this case, 
in order to enable the camera to read a very small amount of 
the chemical luminescence, the sensitivity of the camera is 
required to be high enough to detect photons in a level of 
approximately 104 per square centimeter per second. There 
are currently available tWo types of optical reading appara 
tuses that can achieve such a high degree of sensitivity; one 
being of such a type as amplifying optical signals With an 
image intensi?er and then fetching an image, and the other 
being of such a type as improving a signal-to-noise ratio by 
controlling the generation of thermal noise by cooling a 
CCD image pick-up element. 
The optical reading apparatus of the former type com 

prises the image intensi?er of a structure in Which a large 
number of capillaries for amplifying electrons, Which are 
referred to as multi-channel plates, are interposed betWeen 
photoelectric surfaces and the optoelectrons generated at the 
front photoelectric surface are caused to amplify to 104 to 
105 times and be returned to optical signals at the rear 
photoelectric surface to be relayed them to a camera. The 
optical reading apparatus of this type, hoWever, presents the 
problems that the cost of the image intensi?er is very 
expensive and that the resolution capability of an image is 
restricted by the number of the multi-channel plates. 
On the other hand, the optical reading apparatus of the 

latter type comprises a CCD image pick-up element of 
cooling type. A camera of this optical reading apparatus can 
reduce thermal noises by cooling the CCD element to minus 
several tens Celsius, thereby raising a signal-to-noise ratio. 
The CCD element is subjected to electronic cooling and the 
heat generated is sucked out by a medium such as Water or 
liquid nitrogen. The CCD image pick-up element of such 
highly sensitive type can detect illuminance of approxi 
mately 10'8 lx and pick up an image. Further, it can gain a 
higher sensitivity by accumulating the light for a long period 
of time. The optical reading apparatus of the cooling type, 
hoWever, presents the problems that a pump instrument and 
so on are required for circulating the cooling medium, 
thereby making the apparatus bigger in siZe, and that costs 
for the apparatus itself and maintenance become expensive. 

Further, the problem common in the optical reading 
apparatuses of camera type exists in the fact that the number 
of pixels of the image pick-up element is as small as 512 by 
512, in usual cases, and as much as 1,024 by 1,024, in larger 
cases. When an image of a pattern of a sample is to be 
scanned and read by the image pick-up element having such 
a small number of pixels, hoWever, distortion is likely to be 
introduced in the optical system, and enlarging or reducing 
of the pattern may be caused to occur so continuously and 
change so easily that accuracy in spatial reproduction of an 
image becomes loWered. 

It is to be noted, hoWever, that an optical reading appa 
ratus of a line sensor system of contact type for use in an 
image scanner for general use is suitable for a reading 
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system having a high degree of accuracy in dimension and 
resolution. For the optical reading apparatus of such a line 
sensor system, there is employed a CCD line sensor Which, 
hoWever, requires illuminance as high as approximately 500 
to 1,000 lx on a surface to be read. Hence, for scanners for 
scanning and reading documents and images for general use, 
a reading surface is illuminated With a light source such as 
a ?uorescent light or the like to provide a suf?ciently high 
degree of illuminance. 

In order for the optical reading apparatus of the line sensor 
system of contact type to read chemical luminescence as 
high as approximately 10-8 lx, hoWever, the CCD line 
sensor is required to be cooled to very loW temperatures or 
it requires an image intensi?er, like the CCD image pick-up 
elements for the camera as described hereinabove. Thus, the 
optical reading apparatus presents the problems that an 
optical detector constituting a light receiving portion 
becomes expensive, the line sensor becomes large in siZe 
because it is incorporated into a carriage disposed to be 
movable in the reading surface, and circulation of a cooling 
medium is dif?cult When the optical reading apparatus is of 
the cooling type. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide a scanning apparatus for scanning and reading a 
pattern of a sample at high degrees of quantiZation and 
accuracy in dimension, at loW costs and at a high degree of 
sensitivity. 

It is another object of the present invention to provide a 
scanning apparatus for scanning and reading a pattern of a 
faint intensity of light emitted from a sample in a sheet form 
at a high degree of sensitivity. 

In order to achieve the objects as described hereinabove, 
in a ?rst feature, the present invention provides a scanning 
apparatus for scanning and reading a luminescent pattern of 
a sample in a ?at-plate shape, Which is characteriZed by 
comprising: placing means for placing the sample as an 
object for reading; light condensing means for condensing 
light emitted from the luminescent pattern of the sample; 
movement means for moving the light condensing means 
relative to the placing means; light receiving means for 
dividing the light of the luminescent pattern of the sample 
condensed by the light condensing means into predeter 
mined segments and receiving the light by one 
dimensionally scanning the light from the segment; photo 
electrical conversion means for converting optical signals of 
the light received by the light receiving means into electrical 
signals; control means for controlling a scan by the light 
receiving means in accordance With the electrical signals 
from the photo-electrical conversion means; and data pro 
cessing means for converting the electrical signals from the 
photoelectrical conversion means into digital signals and 
recon?guring an image from the optical signals of the light 
received from the segments selectively in a one-dimensional 
Way. 

In a second feature, the present invention provides a 
scanning apparatus Which is characteriZed in that the control 
means for controlling the scan by the light receiving means 
carries out plural scans on an identical scanning line in 
accordance With the electrical signals from the photoelec 
trical conversion means. 

Further, in a third feature, the present invention provides 
a scanning apparatus Which is characteriZed in that the 
placing means comprises a sample-placing table member for 
placing the sample as a reading object and a sample covering 
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member for covering the sample. The sample covering 
member covers the sample placed on the sample-placing 
table member in an optically closed space in association 
With the sample-placing table member, When the sample 
covering member is closed and the sample is to be scanned 
and read. 

In addition, in a fourth feature, the present invention 
provides a scanning apparatus Which is characteriZed in that 
the light from the luminescent pattern of the sample as the 
reading object is phosphorescence or accelerated phospho 
rescence emitted from the sample transferred onto a 
membrane, or chemical luminescence from the luminescent 
pattern of the sample giving out light on account of a 
chemical transformation of the sample. 

Furthermore, in a ?fth feature, the present invention 
provides a scanning apparatus Which is characteriZed in that 
the data processing means further comprises correction 
processing means for correcting a periodical variation in a 
luminescent intensity in accordance With the control over the 
scan by the control means. 

In a sixth feature, the present invention provides a scan 
ning apparatus Which is characteriZed in that the light 
receiving means comprises a shutter element forming the 
predetermined segments and a light guide Wherein the light 
of the pattern of the sample is divided into the predetermined 
segments by the controlling of the segments by the shutter 
element, and the light of plural segments out of the prede 
termined segments is alloWed to pass therethrough selec 
tively in a one-dimensional Way and to be led by the light 
guide for receipt by the light receiving portion. 

Further, in a seventh feature, the present invention pro 
vides a scanning apparatus Which is characteriZed by: a 
plane light source for illuminating the pattern of the sample 
With light in a ?at form When the sample is not luminescent; 
placing means for placing the sample as an object for 
reading; light condensing means for condensing light trans 
mitted through the pattern of the sample from the plane light 
source; movement means for moving the light condensing 
means relative to the placing means; light receiving means 
for dividing the light from the pattern of the sample con 
densed by the light condensing means into predetermined 
segments and receiving the light by scanning the light from 
the segments in a one- dimensional Way; photoelectrical 
conversion means for converting optical signals of the light 
received by the light receiving means into electrical signals; 
control means for controlling a scan by the light receiving 
means in accordance With the photoelectrical conversion 
means; and data processing means for converting the elec 
trical signals from the photoelectrical conversion means into 
digital signals and recon?guring an image from the optical 
signals of the light from the segment received selectively in 
a one-dimensional Way. 

In the scanning apparatus according to the present inven 
tion having the features as described hereinabove, When a 
pattern of a chemically luminescent sample in a ?at plate 
shape as a reading object is to be scanned and read, it is 
placed on the placing means, and the moving means moves 
the placing means and the light condensing means relatively, 
thereby starting reading the pattern of the sample. As the 
reading of the pattern of the sample is started, the light 
condensing means condenses the luminescence generated 
from the pattern thereof, and the light receiving means 
divides the light of the pattern thereof condensed by the light 
condensing means into a predetermined number of segments 
and scans the light from the segments in a one-dimensional 
Way. The optical signals received by the light receiving 
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means are then converted into electrical signals by the 
photoelectrical conversion means and the control means for 
controlling the scan by the light receiving means in accor 
dance With the electrical signals converted by the photo 
electrical conversion means. Further, the data processing 
means converts the electrical signals from the photoelectri 
cal conversion means into digital signals and recon?gures an 
image from the optical signals of the segments of the light 
received selectively in a one-dimensional Way by the light 
receiving means. 

In the controlling of the scan to be conducted by the light 
receiving means, the control means controls the scanning of 
an identical scanning line at plural times in accordance With 
the electrical signals from the photo-electrical conversion 
means. The plural scans on the same scanning line alloW the 
light receiving means to receive the light from a luminescent 
pattern from a sample emitting a faint intensity of lumines 
cence at a high degree of sensitivity. Further, as described 
hereinabove, the placing means comprises the placing table 
member for placing the sample as the reading object and the 
covering member for covering the sample, and the covering 
member covers the sample placed on the placing table 
member in an optically closed space, When the sample is 
read, Whereby noise from outside light can be blocked and 
a pattern of a very faint chemical luminescence can be read 
at a high degree of sensitivity. 

In the scanning apparatus according to the present 
invention, the light from the luminescent pattern of the 
sample to be scanned as the reading object is phosphores 
cence or accelerated phosphorescence emitted from the 
sample transcribed onto a membrane, or chemical lumines 
cence from a luminescent pattern of a sample giving out 
light on account of a chemical transformation of the sample. 
Further, the data processing means contains a correction 
processing means for correcting a periodical variation of 
intensity of luminescence in accordance With the control of 
the scan by the control means. Therefore, the scanning 
apparatus can read the pattern of the sample, even if it may 
vary its luminous energy, like luminescence from a lumi 
nescent pattern of the sample by a chemical transformation, 
by correcting a variation in the luminous energy. 

Further, the light receiving means has the shutter element 
forming the predetermined segments and the light guide. 
When it receives the light from the luminescent pattern of 
the sample, the light of the luminescent pattern thereof can 
be divided into the predetermined segments by controlling 
the segment shutter by the shutter element, thereby alloWing 
the light of the plural segments out of the divided segments 
to selectively pass therethrough in a one-dimensional Way 
and guiding the light by the light guide. 

The scanning apparatus according to the present invention 
is provided With the plane light source to illuminate the 
pattern of the sample With light in the plane form. This ?at 
or plane light source can provide the pattern of the ?at 
sample With light When the sample does not give out light. 
As a result, the light transmitted through the pattern of the 
sample can be treated in substantially the same manner as a 
luminescent pattern, so that the scanning apparatus having a 
mechanism like the mechanism as described hereinabove 
can likeWise scan and read the pattern of the light transmit 
ted through the pattern of the sample. 
As described hereinabove, the present invention can pro 

vide the scanning apparatus that can scan and read a faint 
intensity of luminescence from a luminescent pattern of a 
sample, such as chemical luminescence, and realiZe a one 
dimensional sensor portion of a contact type having a high 
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6 
degree of sensitivity at loW cost, thereby making it easy to 
handle and enabling a faint intensity of the luminescence 
from the luminescent pattern of the sample to be scanned 
and read. In this case, the scanning apparatus according to 
the present invention utiliZes a method for controlling the 
scan by a segment shutter appropriate for use With a one 
dimensional CCD sensor as a high-sensitive optical sensor, 
so that the present invention can provide the scanning 
apparatus for scanning and reading the faint intensity of the 
luminescence from the luminescent pattern of the sample at 
loW costs. In addition, the scanning apparatus according to 
the present invention is provided With the correction means 
for correcting the periodical variation in chemical lumines 
cence so that it can scan and read an entire area of the pattern 

of the sample at a high degree of sensitivity Without under 
going in?uences due to the periodical variations in chemical 
luminescence, even When the luminescent pattern of the 
sample generated by chemical luminescence is to be scanned 
and read. 

Other objects, features and advantages of the present 
invention Will become apparent in the course of the descrip 
tion that folloWs, With reference to the accompanying draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing an entire structure of 
a scanning apparatus according to an embodiment of the 
present invention. 

FIG. 2 is a sectional vieW shoWing an essential portion of 
a sample covering portion and a sample supporting table of 
a main body of the scanning apparatus according to the 
present invention. 

FIG. 3 is a perspective vieW shoWing a drive mechanism 
for a reading carriage of the main body of the scanning 
apparatus according to the present invention. 

FIG. 4 is a side vieW shoWing a light receiving portion of 
the reading carriage of the main body of the scanning 
apparatus according to the present invention. 

FIG. 5 is a perspective vieW shoWing the light receiving 
portion of the reading carriage of the main body of the 
scanning apparatus according to the present invention. 

FIG. 6 is a block diagram shoWing a structure of an 
electrical line system of the main body of the scanning 
apparatus according to the present invention. 

FIG. 7 is a flow chart shoWing an overall How of opera 
tions of the electrical line system of the main body of the 
scanning apparatus according to the present invention. 

FIG. 8 is a block diagram shoWing a structure of an 
essential portion of a shading correction circuit. 

FIG. 9 is a graph shoWing a variation in output levels for 
reading With piXels in the carriage-direction. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention Will be described in more detail by 
Way of examples With reference to the accompanying draW 
ings. 

FIG. 1 is a block diagram shoWing the entire structure of 
the scanning apparatus according to an embodiment of the 
present invention, in Which reference numeral 10 denotes a 
main body of the scanning apparatus, reference numeral 11 
a sample supporting table, reference numeral 12 a sample 
covering portion, reference numeral 13 a plane light source, 
reference numeral 14 a reading carriage having a light 
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receiving portion, reference numeral 15 a data processing 
unit, reference numeral 16 a printer unit, and reference 
numeral 17 a data storage unit. 
A description Will be made of an outline of operations of 

the main body of the scanning apparatus in accordance With 
operations for reading luminescence emitted from a pattern 
of a sample With reference to FIG. 1. After the sample 
covering portion 12 of the main body 10 of the scanning 
apparatus is opened, a sample prepared previously is placed 
on the inside of the sample supporting portion 11 and the 
sample covering portion 12 is then closed. The sample 
supporting portion 11 is of boX shape in Which an upper 
portion of its outer peripheral side Wall is provided With a 
groove at its central portion throughout its entire periphery, 
and the sample covering portion 12 is of lid shape in Which 
a bottom side portion of its outer periphery is provided With 
a projection throughout its entire periphery. When the 
sample covering portion 12 is closed, it is so disposed as for 
its projection to be tightly engaged With the groove of the 
sample supporting portion 11 to form a closed room inside 
betWeen the sample supporting portion 11 and the sample 
covering portion 12, thereby suppressing a leakage of light 
from the inside, because the intensity of luminescence of the 
luminous pattern of the sample is so very Weak that a degree 
of sensitivity may be lessened if the light Would leak from 
the inside. 

The plane light source 13 is mounted on a rear surface of 
the sample covering portion 12, Which faces a sample in a 
?at plate shape placed in the sample supporting portion 11, 
When the sample supporting portion 11 is a light source 
having a light emission surface in a plane shape to enable an 
illumination of the sample With light over the entire surface 
area of the pattern of the sample, When the sample giving out 
no light or only a lesser intensity of light is placed in the 
sample supporting portion 11. As a pattern of the light 
transmitted from the plane light source 13 through the 
pattern of the sample can be treated in substantially the same 
manner as a luminous pattern of the sample, the non 
luminous pattern of the sample can be read as it is in 
substantially the same manner as reading the luminous 
pattern of the sample. As the reading sensitivity of the light 
receiving portion for reading the pattern of the sample is so 
high, the plane light source 13 can be applied to a suf?cient 
eXtent even if a luminance of the plane light source 13 is not 
so high. As the plane light source 13, there may be 
employed, for eXample, an electroluminescence emitter (EL 
emitter) having a plane luminous surface. 
As luminescence (?uorescence) from the luminous pat 

tern of the sample usually can last for approximately ten and 
several minutes or longer, the reading carriage 14 having the 
light receiving portion is transferred in a predetermined 
direction, for eXample, in left and right directions as shoWn 
in FIG. 1, by a drive mechanism during a period of time 
during Which the sample keeps giving out light, thereby 
alloWing the light receiving portion to read the light from the 
luminous pattern in accordance With the reading position in 
Which the reading carriage can read it. Although the struc 
ture of the light receiving portion of the reading carriage 14 
Will be described hereinafter, it is con?gured in such a Way 
that the light emitted from the sample is condensed by a light 
condensing element such as a SELFOC lens array or the 
like, the light condensed is then divided into predetermined 
segments by a PLZT light shutter, the light of the siZe 
corresponding to the plural segments out of the reading 
segments of the sample is transmitted selectively in a 
one-dimensional Way, the light is then led to the light guide 
to convert the optical signals and into electrical signals, the 
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8 
converted electrical signals are subjected to analog-digital 
conversion to and output. 

The data of the digital signals of the luminous pattern of 
the sample read in the manner as described hereinabove is 
transmitted to the data processor 15 Which in turn processes 
the transmitted data as image data, as needed, and 
re-con?gures an image of the luminous pattern, folloWed by 
displaying the resulting image on a display screen. The 
recon?gured data is stored in the data storage unit 17 as 
image data. The image data can be output by a printer unit 
16. AS the printer unit 16, there may be employed preferably 
a printer printable at so-called multiple color “degrees”, for 
eXample, a full color printer of a thermal sublimation type 
producing 256 different color degrees. 

FIG. 2 is a sectional vieW shoWing the essential portion of 
the sample covering portion and the sample supporting table 
of the main body of the scanning apparatus according to the 
present invention. As shoWn in FIG. 2, the sample covering 
portion 12 comprises a cover supporting member 21 for 
supporting a cover as a Whole, a plane light emitter 22 and 
a protective sheet 23. On the other hand, the sample sup 
porting portion 11 comprises a sample supporting plate 24 
made of a transparent glass plate and a housing body 25 for 
supporting the sample supporting plate 24. In the inside of 
the housing body 25 is disposed the reading carriage 14 With 
the light receiving portion having the structure and the 
function as described hereinabove. The reading carriage 14 
moves over a sample in a sheet form in forWard and 
rearWard directions by the drive mechanism (not shoWn). 
As shoWn in FIG. 2, the cover supporting member 21 is 

provided at its outer peripheral side edge portion With a 
projection 26 extending doWnWard, When the cover support 
ing member 21 is closed. On the other hand, the housing 
body 25 of the sample supporting portion 11 is provided at 
its outer peripheral side edge portion With a groove 27 that 
opens upWard and tightly engages With the projection 26 
When the sample supporting portion 11 is covered With and 
closed With the cover supporting member 21. 

When the pattern of a sample to be scanned and read gives 
out light, the poWer source of the plane light emitter 22 is 
kept off. On the other hand, When the pattern of a sample is 
not luminous, the poWer source thereof is turned on and the 
plane light emitter 22 lights up after it has been con?rmed 
that no luminescence given out from the sample has been 
detected by the light receiving portion for a predetermined 
period of time. Thereafter, the reading of the pattern of the 
sample is started. By the operations as described 
hereinabove, the scanning apparatus according to the present 
invention can scan and read the pattern of the samples, 
Whether luminous or non-luminous, in substantially the 
same manner. It is to be noted herein that, When the pattern 
of the sample is not luminous, it is read by having the light 
receiving portion reading the light transmitted through the 
pattern thereof. 
When a faint intensity of light from a portion of a sample 

is to start being read, the sample as a reading object is placed 
on the sample supporting plate 24 and the sample covering 
portion 12 is closed. As the sample covering portion 12 is 
closed, the sample is pressed doWnWard by the protective 
sheet 23 mounted on the sample covering portion 12 and the 
projection 26 of the sample covering portion 12 is caused to 
engage With the groove 27 of the sample supporting portion 
11 to provide an optically closed space betWeen the sample 
supporting portion 11 and the sample covering portion 12 in 
Which the sample is placed for reading, and the luminous 
pattern of the sample is read. The engagement of the sample 
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covering portion 12 With the sample supporting portion 11 is 
made so tightly that no light is leaked into the inside of the 
optically closed space from the outside. The reading of the 
luminous pattern of the sample is started by an instruction 
from the data processor 15. Once the instruction to start 
reading is given, the reading carriage 14 starts moving in a 
predetermined direction and reads the luminous pattern of 
the sample. When the sample is in a ?lm form and does not 
give out light, the poWer of the plane light emitter 22 is 
turned on and the plane light emitter 22 lights up, thereby 
alloWing the light receiving portion to detect the light 
transmitted through the non-luminous pattern of the sample 
and to read the image by converting the optical signals into 
electrical signals. 

FIG. 3 is a perspective vieW shoWing the drive mechanism 
for the reading carriage of the main body of the scanning 
apparatus according to the present invention. FIG. 4 is a side 
vieW shoWing the light receiving portion of the reading 
carriage of the main body of the scanning apparatus accord 
ing to the present invention. FIG. 5 is a perspective vieW 
shoWing the light receiving portion of the reading carriage of 
the main body of the scanning apparatus according to the 
present invention. As shoWn in FIGS. 3, 4 and 5, reference 
symbols 30a and 30b denote each a guide shaft, reference 
numeral 31 a timing belt, reference numeral 40 a sample in 
the form of a ?at plate or a ?lm, reference numeral 41 
SELFOC lens array, reference numeral 42 a PLZT light 
shutter, reference numeral 43 a light guide, reference 
numeral 44 a cap for the light guide, reference numeral 45 
a photo multiplier, and reference numeral 46 a Wire for 
electrical signals. 
As speci?cally shoWn in FIG. 3, the drive mechanism for 

the reading carriage comprises the reading carriage 14 
disposed under the sample supporting plane 24 made of a 
transparent glass plate, and the reading carriage 14 in turn is 
provided With the light receiving portion comprising the 
SELFOC lens array 41, the light guide 43, the photo 
multiplier 45 and so on. The reading carriage 14 is held and 
guided by the guide shafts 30a and 30b to be slidable in left 
and right directions, as vieWed in FIG. 3. The drive mecha 
nism is structured in such a Way that part of the timing belt 
31 is ?xed to the reading carriage 14 and the timing belt 31 
in turn is connected to a stepping motor (not shoWn) for 
driving the reading carriage 14 to transmit the driving force 
of the stepping motor to the reading carriage 14. With this 
structure of the driving mechanism, the reading carriage 14 
is moved in the predetermined direction by the rotation of 
the timing belt 31. 
As speci?cally shoWn in FIG. 4, the light receiving 

portion of the reading carriage 14 comprises the SELFOC 
lens array 41, the PLZT light shutter 42, the light guide 43, 
the cap 44, and the photo multiplier 45, and it constitutes an 
optical system for reading the luminous pattern from the 
sample 40. The SELFOC lens array 41 comprises an optical 
part having the function as a condenser lens structured in 
such a manner that lenses having different refractive indexes 
are disposed on a rod With a lens disposed at a center of the 
rod having a refractive index varying from the refractive 
indexes of the lenses disposed at peripheral portions thereof. 
The lenses are disposed in the form of a one-dimensional 
array to form an accurate image of the luminous pattern of 
the sample in a one-dimensional Way upon line on the focus 
on the opposite side. 

The light from the luminous pattern emitted from the 
sample 40 is condensed by the SELFOC lens array 41 and 
the image is formed on the PLZT light shutter 42. The light 
passed through the segments of the PLZT light shutter 42 
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brought into the state in Which the light can pass is trans 
mitted to an inlet of the light guide 43 through Which the 
light enters. The capability of a reading resolution is deter 
mined by the segments of the PLZT light shutter 42. In this 
example, there may be employed a one-dimensional PLZT 
light shutter having 16 pixels per mm. 
A description Will noW be made of the process for 

controlling the PLZT light shutter in conducting a primary 
scan by the light shutter mechanism of the PLZT light 
shutter 42. In this example, a primary scanning line is 
divided into predetermined segments, the light is then 
alloWed to pass one-dimensionally through the plural seg 
ments out of the reading segments of the sample, and the 
light passed is led by the light guide to a photoelectrical 
conversion element. By constituting the light receiving 
portion With the PLZT light shutter in the manner as 
described hereinbaove, a very faint intensity of light from 
the luminous pattern of the sample can be detected at a high 
degree of sensitivity. 

Next, a description Will be made of a speci?c Way of the 
control to be made by the light shutter. With the scanning 
apparatus in accordance With the embodiment of the present 
invention, the primary scanning is made by the light shutter 
mechanism of a light shutter array using a pieZoelectric 
material, eg ceramic PLZT, (Pb, La)(Zr, Ti)O3. The sWitch 
ing time for the shutter operations of the light shutter array 
made of PLZT is 1 us or shorter and this sWitching time is 
very high in speed When compared With a liquid crystal 
shutter having the sWitching time of several us. Therefore, if 
the shutter of the light shutter Would be turned ON and then 
OFF one after another in the order of the arrangement of the 
cells for the reading segment out of the predetermined 
segments formed by the division of the scanning line of the 
pattern of the sample, only one cell is open at a certain 
moment. This loWers the ef?ciency and is not appropriate for 
measurement of light from the luminous pattern of the 
sample. 

In order to improve this disadvantage, the scanning appa 
ratus according to the present invention is con?gured in such 
a Way that the measurement is made by bringing the plural 
cells in each segment alWays into ON states, thereby mea 
suring the amount of the light received by each segment. 
Speci?cally, the measurement is conducted by changing 
combinations of the plural ON-state cells in each segment 
and, after the measurement has been ?nished, the results of 
the measurement for the combinations of the plural ON-state 
cells in each segment are subjected to an inverse operation 
on the basis of a control matrix of each cell to thereby 
provide the amount of the light received by each of the cells 
of the segment, ie the amount of the light emitted from the 
pattern of the sample. 

In combining the plural ON-state cells, it may be possible 
to bring half of the cells in each segment as an object to be 
controlled by the shutter into an ON state at the same time. 
In this case, the amount of the light corresponding to the 
number of the simultaneous ON-state cells can be measured 
at one time so that a signal-to-noise ratio for the half of the 
cells can be improved simultaneously. 
A more speci?c example of the control over the cells by 

the shutter Will be described by taking a group of four cells 
as an object for controlling by the shutter. In order to apply 
the PLZT light shutter to this example, a scanning line to be 
scanned by the PLZT light shutter is divided into groups of 
four cells and each group is subjected to controlling by the 
PLZT light shutter. 
More speci?cally, in this case, a matrix of orthogonal 

functions is employed in order to simplify the inverse 
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operation for giving the amount of the light received by each 
cell. In the Hadamard matrix, “1” is set as “0” and “—1” is 
set as “off”. When the former is indicated by reference 
symbol “0” and the latter is indicated by reference symbol 
“X”, they can be shoWn as in Table 1 beloW. In Table 1 
beloW, the amount of the light received by each cell, 
corresponding to each pixel, to be controlled by the shutter, 
is indicated by A, B, C and D. 

TABLE 1 

Times of Result of 

Measurement A B C D Measurement 1 O O O 0 Y1 

2 O O X X Y2 
3 O X 0 X Y3 
4 O X X 0 Y4 

The measurement result Y of each measurement can be 
represented by Equation 1 as folloWs: 

From the Equation 1 above, the amount of the light, ABCD, 
for each cell can be given by Equation 2 as folloWs: 

As each of the measurement results Y1 to Y4, inclusive, 
contains a measurement error 02 having the same statistical 
properties, the error of each of the light A, B, C and D 
received by each cell is a bonding elementary probability 
density of the error of each of the measurement results Y1 
to Y4, inclusive, so that the folloWing relation can be given 
by Equation 3: 

(1/2)2402=02 

When this relation is extended to n cells, the combined 
error can be given by Equation 4 as folloWs: 

As is understood from the above equation, the error of the 
measurement result of the received light A, B, C and D of 
each cell is in reverse proportion to the number of cells, i.e. 
n cells. Hence, a signal-to-noise ratio can be improved in 
proportion to the number of the n cells. As the simple 
summation mean effect is in proportion to the square root of 
times When the same cell is measured repeatedly at plural 
times, the effects for improvement do not increase gradually. 
HoWever, by using the control With the shutter by the matrix 
system of the matrix of the orthogonal functions as 
described hereinabove, remarkably greater effects for 
improvement can be gained, as compared With the simple 
summation mean effect, When the number of the cells 
exceeds 16. 
A speci?c Way of the control by the shutter Will be 

described. For example, When a sample pattern range of an 
A4 siZe is to be scanned and read at the density of 400 dpi, 
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the total number of pixels in one line is 3,360 pixels so that 
it is dif?cult from the hardWare point of vieW to fetch the 
data as large as the total number of pixels in a parallel 
manner at one operation. Hence, as the data bus Width of a 
micro-processor (50; FIG. 6) for processing the control of 
the scanning apparatus is as Wide as 32 bits, a shutter 
controller (54; FIG. 6) for controlling the light receiving 
portion is provided With a shift register corresponding to 
3,360 pixels, and the control data for the shift register is 
entered While being shifted. 

For the control pattern of the PLZT light shutter, the data 
of the control pattern for conducting the on/off control for 
the cells of each segment of the shutter has to be changed in 
each reading line. Accordingly, if the total data of the control 
pattern is to be reWritten Whenever the reading lines are 
changed, the shift time for reWriting is Wasted. Hence, in 
accordance With the present invention, the measurement is 
carried out by shifting the top roW of the control matrix for 
conducting the on/off control of each cell of the PLZT light 
shutter by the portion corresponding to one line and by 
continuing the measurement to the next roW of the matrix in 
substantially the same manner as described immediately 
hereinabove. Further, the reverse operations are conducted 
on the basis of the ?nal results obtained by measuring four 
roWs. 

More speci?cally, the data of the ?rst roW of the control 
matrix of the control pattern of the PLZT light shutter is 
indicated as “0000” (Where O is on), underlined beloW for 
ready reference only, and the measurement is carried out one 
after another, While shifting by four pixels as folloWs: 

ooooxxxxxxxxxxxxxxxxxx (Measurement reeult= Yll) 

XXXXOOOOXXXXXXXXXXXXXX (Measurement result: Yl2) 

XXXXXXXXOOOOXXXXXXXXXX (Measurement result: Yl3) 

These measurement results (Y11, Y12, Y13, . . . ) are 
measurement values led to the light guide (43; FIG. 5) at 
each timing of measurement and received by the photo 
multiplier (45; FIG. 5). 
The data of the second roW of the control matrix is 

indicated as “OOXX” (Where O is on and X is off), under 
lined beloW for ready reference only, and the measurement 
is carried out by shifting each cell of the PLZT light shutter 
by four pixels in substantially the same manner as described 
hereinabove. 

ooxxxxxxxxxxxxxxxxxxxx (Meeeurement reeult= Y2l) 

XXXXOOXXXXXXXXXXXXXXXX (Measurement result: Y22) 

XXXXXXXXOOXXXXXXXXXXXX (Measurement result: Y23) 

The data of the third and fourth roWs of the control matrix 
are indicated as “OXOX” (Where O is on and X is off) and 
“OXXO”. The measurement is carried out by shifting each 
cell of the PLZT light shutter by four pixels for each roW in 
substantially the same manner as described hereinabove to 

give the measurement results (Y31, Y32, Y33, . . . ) and 
(Y41, Y42, Y43, . . . ) for the respective roW. The rest of the 
roWs are measured in substantially the same manner as 
described hereinabove. 
As the measurement results are obtained by shifting each 

cell of the PLZT light shutter by four pixels, the light 
received for each cell is given in the same manner as the 
light is received by a single cell by subjecting the measure 
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ment results to the reverse operation as indicated by Equa 
tion 2. Further, based on the light received by each cell, the 
data of all the pixels is given in each pixel position of the 
pattern of the sample. 

The description as made hereinabove is directed to the 
example Where four pixels are treated as one unit for an 
object for controlling, the light received by each cell is 
measured, the reverse operation is conducted from the 
measurement results, and the data of the pixels is given. It 
should be noted herein, hoWever, that the measurement can 
be made in substantially the same manner as described 
hereinabove by treating, for example, eight pixels or sixteen 
pixels as one unit. In such a case, the data length becomes 
longer so that the controlling can be made in substantially 
the same manner by lengthening the shift length of the shift 
register to adapt the longer data length. 

In the method for the control over each cell by the shutter 
of the PLZT light shutter 42 in the light receiving portion of 
the scanning apparatus according to the present invention, 
even if the siZe of the control matrix is made larger or the 
number of roWs to be measured is increased, the number to 
be shifted in the primary scanning direction is made larger 
at the same time so that the time required for one measure 
ment becomes shorter relatively. As a result, by carrying out 
the shift processing at a suf?ciently high speed, the mea 
surement can be made Without increasing the total time 
required for the measurement for the full pattern of the 
sample so much and at a high signal-to-noise ratio. 

The light received by the control With the PLZT light 
shutter 42 is led through the light guide 43 to the photo 
multiplier 45 as a photoelectrical conversion element, as 
shoWn in FIG. 5. The light guide 43 comprises a bundle of 
optical ?bers to detect a faint intensity of light from the 
pattern of the sample With high ef?ciency. More speci?cally, 
the light guide 43 to be preferably employed for the present 
invention is an optically molded part Which has a number of 
optical ?bers disposed on an array With their one side end 
portions bundled together. In this embodiment, as the optical 
?bers, there may be preferably employed plastic ?bers each 
having a diameter of 0.25 mm to enable the receipt of a 
sufficient amount of the light from the PLZT light shutter. 

In this embodiment, the light receiving portion can 
receive the light from the light guide 43 applied directly to 
the photo multiplier 45 through the cap 44. When the pattern 
of the sample is to be read after a particular Wavelength has 
been removed, an interference ?lter or a colored glass ?lter 
may be interposed betWeen the cap 44 and the photo 
multiplier 45. This structure enables multi-color scanning. 
Further, in this embodiment, the photo multiplier 45 is of a 
head-on type. HoWever, it may be of a side-on type capable 
of complying With a distribution of Wavelengths of the light 
emitted from the sample. 

FIG. 6 is a block diagram shoWing the structure of the 
electrical system of the main body of the scanning apparatus 
according to the present invention. As shoWn in FIG. 6, the 
electrical system of the main body of the scanning apparatus 
comprises a microprocessor (CPU) 50 for implementing the 
controlling processing of the scanning apparatus, a read only 
memory (ROM) 52 for storing a controlling softWare, a 
random access memory (RAM) 51 for storing data tempo 
rarily or implementing other data processing, a shutter 
controller 54 for controlling the PLZT light shutter 42, a 
motor controller 55 for controlling a motor for controlling 
the driving of the reading carriage, a motor driver 56, an A/D 
converter 57 for subjecting electrical signals converted from 
optical signals received from the luminescent pattern of a 
sample to analog-digital conversion into digital signals, a 
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shading correction circuit 58 for correcting a deviation 
peculiar to an optical measurement system including irregu 
larities of intensity of the light received by the light receiv 
ing portion or a light source, a light emitter driver 59 for 
controlling the plane light emitter 22, a SCSI controller 53 
for controlling an interface With an external data processing 
unit 15, and so on. 

FIG. 7 is a How chart shoWing an overall How of opera 
tions of the electrical system of the main body of the 
scanning apparatus according to the present invention. As 
shoWn in FIG. 7, the overall operations of the electrical 
system of the main body of the scanning apparatus start by 
turning the poWer on. When the poWer has been on, each 
portion of the apparatus is initialiZed at step 61. The initial 
iZation operation comprises checking out the read only 
memory (ROM) 52 and the random access memory (RAM) 
51, checking out the operations of the poWer source and the 
light receiving portion by turning the poWer source on and 
off, initialiZation of an interface portion of the SCSI con 
troller 53 for performing the controlling of the interface, 
checking out the operations of the drive system, alignment 
of the original point of the reading carriage, checking out the 
operations of the PLZT light shutter 42, reading of a pattern 
of irregularities of light from the plane light emitter 22, and 
so on. 

After the initialiZation processing has been ?nished, the 
program goes to step 62 at Which a command is Waited for 
from the host side, i.e. data processor 15. When the com 
mand comes from the host side, the command is processed 
at step 63, folloWed by the return to step 62 at Which a neW 
command is Waited for. 
When the command is a command for reading, the 

operation is carried out by the light receiving portion to 
detect light from the sample for a predetermined period of 
time. If it is found as a result that the sample as a reading 
object does not give out light, on the one hand, a light emitter 
of the plane light source is turned on to illuminate the pattern 
of the sample With the light in a plane state in order to enable 
the reading of the pattern of the sample by means of the light 
transmitted through the pattern thereof. When the pattern of 
the sample is found to be luminous, on the other hand, the 
light receiving portion can detect the light from the lumi 
nescence from the sample so that the luminous pattern 
thereof can be scanned and read Without keeping the plane 
light emitter 22 as the poWer source in an off state Without 
turning the poWer on. Once the reading has been started, the 
control over the scan is made by conducting the primary and 
secondary scanning. While data on each one of the scanning 
lines is being obtained, it is subjected to shading correction 
processing by the shading correction circuit 58, folloWed by 
feeding to the data processor 15 through the interface of the 
SCSI controller 53. After the data on one line has been 
transmitted, the motor is driven to start reading the next line. 
The operation for each line by the PLZT light shutter is 

carried out by controlling the shutter thereof in the Way as 
described hereinabove. More speci?cally, a segment con 
sisting of plural pixels is selected as one unit from the 
reference side of the start of scanning and the plural cells 
corresponding to the plural pixels for each unit are brought 
simultaneously into a light-transmittable state in accordance 
With the control matrix. Then, the amount of the light 
received by the light receiving portion is measured and the 
measured values are subjected to the reverse operation in 
accordance With the control matrix to give data on the value 
of the amount of the light of each pixel. 
As described hereinabove, the scanning apparatus accord 

ing to the present invention performs a primary scanning for 
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each scanning line in such a state that the cells of the shutter 
of the PLZT light shutter corresponding to the plural pixels 
selected as one unit are brought into an ON state by the 
control by the shutter of the PLZT light shutter. Accordingly, 
a ratio in time of the plural pixels to the cells (duty ratio) in 
the light-transmitted state in each scanning line is so high 
that the light of the pattern of the sample can be read at a 
high degree of sensitivity. More speci?cally, the entire pixels 
of one line of the PLZT light shutter are grouped into 
segments each consisting of plural pixels and each of the 
segments is selected as one unit. Further, the ON/OFF 
control over each cell corresponding to each pixel is carried 
out by the shutter of the PLZT light shutter in accordance 
With the orthogonal functions and the reading is conducted 
While controlling approximately half of the pixels to be 
alWays brought into an ON state. Then, the value of the light 
amount at each pixel is given by subj ecting the reading value 
to the reverse operation. 

For example, When the “ON” state and the “OFF” state of 
the shutter cell for each pixel are represented as orthogonal 
functions corresponding to “1” and “0”, respectively, 
and the intensity of luminescence of the light in each 
segment on the sample is represented as the roW vector [g], 
the measurement data [y] can be given as folloWs: 

Therefore, the roW vector [g] can be obtained by taking the 
inverse matrix of from the left side. As the orthogonal 
matrix, the matrix prepared by application of Walsh func 
tions is appropriate. Further, for example, fast Walsh trans 
forms (R. D. BroWn: A Recursive Algorithm for Sequency 
Ordered Fast Walsh Transforms; IEEE Transaction on 
computers, Vol. C-24, No. 8, August 1977, pp. 819—822 can 
also be applied because the “1,0” matrix and the appropriate 
scaling and offsetting. 

The scanning apparatus according to the present invention 
requires approximately ?ve minutes for reading the entire 
area of a reading region in a usual case. If the amount of the 
light emitted from the pattern of the sample decreases to a 
great extent during the reading period of time, the reading 
has to be conducted While performing the shading correction 
processing to make the degree of sensitivity average over the 
entire area thereof. In this case, the scanning apparatus 
according to the present invention is con?gured in such a 
fashion that, for example, the cells of the PLZT light shutter 
42 for all the pixels are brought into an ON state before 
reading, the sum of the amounts of the light emitted in each 
scanning line is read for a short time, and the reference 
positions are set at several points by the instructions from the 
user. 

Thereafter, the reading is started to read the amount of the 
light emitted from the entire area of a single scanning line at 
the nearest reference position for a predetermined period of 
time, for example, for 30 seconds or one minute. Then, the 
next area is read While correcting the decrement of the light 
emitted. When a neW sample is to be scanned and read under 
substantially the same conditions as under the previously 
read conditions and the time required for a decrease of the 
amount of the light to be emitted from the neW sample has 
already been knoWn, the correction processing for the 
decrease in the luminous time of the sample can be con 
ducted at the same time as the shading correction processing, 
by alloWing the data processor 15 to feed correction data to 
the main body 10 of the scanning apparatus. 

FIG. 8 is a block diagram shoWing the structure of the 
essential portion of the shading correction circuit. In the 
shading correction circuit (58; FIG. 6), data including 
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irregularities of sensitivity of the light guide 43 and the 
photo multiplier 45 in the reference area on the home 
position side is fetched and data on shading correction 
coef?cients is set. For example, irregularities on the entire 
surface of the plane light emitter 22 are measured by moving 
the reading carriage 14 of the light receiving portion Without 
placing any sample on the sample-placing table of the 
scanning apparatus, thereby providing the shading correc 
tion coef?cients data and storing the measured data into 
Writable non-volatile memory 71, as shoWn in FIG. 8. When 
the periodical decrease in the luminescence from the lumi 
nous pattern from the sample is knoWn, the shading correc 
tion coef?cients data to be stored in the non-volatile memory 
71 may be multiplied With a correction coef?cient to comply 
With the reading time in accordance With the direction in 
Which the reading is to be conducted. 
When the pattern of the sample is read by setting the 

sample, the shading correction coef?cients data is read out 
from the non-volatile memory 71 and signals of the amount 
of the light received from the luminous pattern of the sample 
read from the light receiving portion are subjected to analog 
digital conversion (A/D conversion) to give reading data 73 
Which in turn is converted on the basis of a correction table 
72 to provide ?nal data. The correction table 72 for shading 
correction is provided because the conversion in association 
With the shading correction for reading the luminous pattern 
of the sample is to be made by a conversion system using a 
memory table. In the correction table 72, a value to be 
converted is Written as data in advance in the memory table 
and the conversion in association With correction can be 
made by entering read data 73 on the data of the pixels after 
the A/D conversion as an address of the memory table and 
reading out the corrected data from the correction table 72, 
folloWed by the transmittance to the data bus 70. As a result, 
as shoWn in FIG. 9, the output level for reading can be 
corrected by the pixels in the carriage direction even if the 
output level Would vary. 
As the luminous pattern of the sample as the reading 

object to be scanned and read by the scanning apparatus 
according to the present invention, there may be mentioned, 
for example, chemiluminescence, luminescence from phos 
phorescence or accelerated ?uorescence or electro 
luminescence. When the sample is emitting accelerated 
?uorescence, it is coated on a substrate in the form of a very 
thin ?lm so that it can be read as a pattern through Which the 
light is transmitted from the plane light source. When the 
sample emits electroluminescence, the luminous pattern of 
the sample can be detected by alloWing only the accelerated 
luminescence to be transmitted selectively by the optical 
?lter disposed before the photo multiplier because kinds of 
Wavelengths of the light source can be selected to some 
extent. 

As described hereinabove, the scanning apparatus accord 
ing to the present invention alloWs the light receiving 
portion of the reading carriage 14 to scan and read the 
pattern of a sample With a high degree of sensitivity by 
controlling the PLZT shutter. Hence, there can be employed 
the light source for the plane light emitter 22 Which is 
suf?ciently loW in intensity of luminescence as compared 
With a light source (approximately 1,000 cd of a ?uorescent 
lamp) employed for a scanner of the usual type. Therefore, 
a back light to be employed for a liquid crystal display or the 
like may also be employed for the plane light emitter 22 of 
the scanning apparatus according to the present invention. 
Further, there may be employed a combination of a ?uo 
rescent tube With a dispersion plate or an electrolumines 
cence emitter. For the scanning apparatus in this embodi 
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ment of the present invention, there may also be employed 
an electro-luminescence emitter of approximately 50 cd. 

It should be noted herein, hoWever, that the scanning 
apparatus according to the present invention may be modi 
?ed so as to implement the primary and secondary scan for 
reading a single pattern of the sample at plural times over the 
entire period of time during Which the pattern of the sample 
keeps giving out light, in order to alloW a very faint intensity 
of luminescence from the pattern thereof. In other Words, the 
luminous pattern of the sample can be scanned and read by 
conducting the scanning operations for one pattern thereof at 
plural times. 

For example, in an experiment referred to as genomic 
southern, nucleic acids extracted from the living tissues or 
the like are employed for the experiment as they are and the 
molecular numbers of the nucleic acids as samples for the 
experiment can be obtained in very small amounts. Hence, 
it is required to make the sensitivity of detecting each of the 
nucleic acids higher so as to satisfy the requirements by the 
experiment. For example, a light detector having the sensi 
tivity of detection at 10-8 lx requires exposure to light for a 
period of time ranging from approximately thirty minutes to 
one hour. Further, as described hereinabove in connection 
With FIG. 3, the scanning apparatus according to the present 
invention has its reading carriage 14 containing the one 
dimensional light receiving portion move mechanically, 
thereby carrying out the secondary scanning operation. 
HoWever, if it takes a long time to move the reading carriage 
14 for the secondary scanning operation, the amount of the 
light of the chemical luminescence may be decreased during 
the movement. In this case, there is the risk that irregularities 
in reading results occur over the entire area of the reading 
surface. 

In order to compete With this problem, the scanning 
apparatus according to the present invention is con?gured in 
such a manner that the one secondary scanning operation for 
the luminous pattern of the sample can be conducted during 
a very short period of time that can neglect a periodical 
variation in the amount of the luminescence from the 
luminous pattern thereof. For example, the one secondary 
scanning operation is carried out in ?ve minutes and the 
operations are repeated to scan the entire reading area of the 
luminous pattern of the sample. These operations can mini 
miZe adverse in?uences resulting from a periodical decrease 
of the amount of the luminescence from the luminous 
pattern of the sample. Further, the data read and obtained by 
every one of the secondary scanning operations is fed to the 
data processor 15 by Which an image data from the cells 
corresponding to the pixels (i.e. an image data of each pixel 
obtained by the reverse operations) is subjected to integral 
processing and then displayed on a display screen. The 
integral processing can be conducted herein by subjecting 
the data to simple addition in a storage area and a display 
data to be displayed on the display screen in the data 
processor 15 may be an image data Which is divided by the 
times of the scanning operations and subjected to average 
processing. This alloWs the user to readily con?rm the status 
of the progress of reading operations and to proceed With the 
scanning operations Without making errors that may often 
have occurred due to overexposure or the like When using a 
?lm. 

In the scanning apparatus according to the present 
invention, the optical signals received are detected by the 
photo multiplier Which in turn converts the optical signals 
into electrical signals. The electrical signals are then con 
verted into digital signals by the A/D converter 57 and 
subjected to proceedings including shading correction 
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processing, as shoWn in FIG. 6. When the pattern of the 
sample gives out light in a very faint intensity and the optical 
signals received are very loW, the scanning apparatus can 
cause pulse-shaped signals corresponding to the incidence of 
photons from the photo multiplier to be ampli?ed as they are 
and to convert into digital signals on the basis of the count 
value by the photon counting system. In the photon counting 
system, the pulse-shaped signals detected by the photo 
multiplier can be counted by setting the upper limit and the 
loWer limit to the pulse signals to be counted, ie by 
conducting the ?lter operations at the signal level, in order 
to exclude small noise pulses caused to occur due to the 
emission of thermal electrons or very high pulses caused to 
occur due to radiation emission. 
As described hereinabove, the scanning apparatus accord 

ing to the present invention can read luminescence of the 
pattern of the sample With the reading carriage having the 
light receiving portion of a simple structure, even if the 
luminescence from the luminous pattern of the sample is of 
a very faint intensity like chemical luminescence, and fur 
ther receive the light from the pattern of the sample With 
high ef?ciency in a like manner as a simple scanning system, 
thereby making the luminous pattern of the sample visible. 
Further, the scanning apparatus according to the present 
invention can read the pattern of the sample in a ?lm form 
by using the plane light source (plane light emitter) like in 
a conventional manner, even if the pattern of the sample 
gives out little or no light. In addition, as the plane light 
source (plane light emitter) is not required to move mechani 
cally in any direction, the apparatus in the shutter element 
can be made more compact in siZe and longer in system life 
than those of a reading type using a light source such as a 
?uorescent lamp, Which is movable mechanically. 
What is claimed is: 
1. A scanning apparatus for scanning and reading a 

luminescent pattern of a sample in a ?at-plate shape, com 
prising: 

placing means for placing the sample as an object for 
reading; 

light condensing means for condensing light emitted from 
the luminescent pattern of the sample; 

movement means for moving said light condensing means 
relative to said placing means; 

light receiving means for dividing the light emitted from 
the luminescent pattern of the sample and condensed by 
said light condensing means into predetermined 
segments, and for receiving the light from the segments 
simultaneously by one-dimensionally scanning the 
light from the segments; 

photoelectric conversion means for converting optical 
signals of the light received by said light receiving 
means into electrical signals; 

control means for controlling a scan by said light receiv 
ing means in accordance With the electrical signals 
from said photoelectric conversion means; and 

data processing means for converting the electrical signals 
from said photoelectric conversion means into digital 
signals, and for recon?guring an image from the optical 
signals of the light from the segments received selec 
tively by said one-dimensional scan; 

Wherein the data processing means recon?gures the image 
by converting light intensity values of the optical 
signals into image data by an inverse control matrix 
operation; 

Wherein the light receiving means includes a shutter 
having a plurality of light passing/blocking cells; 
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wherein each predetermined segment of divided light is 
received by a different group of said plurality of light 
passing/blocking cells, each group having more than 
one cell and thus de?ning one of said predetermined 
segments; and 

Wherein said control means controls the scan by said light 
receiving means by selectively opening light passing/ 
blocking cells in each group in accordance With the 
electrical signals from said photoelectric conversion 
means. 

2. Ascanning apparatus for scanning and reading a pattern 
of a sample in a thin ?at-plate shape, comprising: 

a plane light source for illuminating the pattern of the 
sample With light in a ?at form When the sample is not 
luminescent; 

placing means for placing the sample as an object for 
reading; 

light condensing means for condensing light transmitted 
through the pattern of the sample from said plane light 
source; 

movement means for moving the light condensing means 
relative to said placing means; 

light receiving means for dividing the light from the 
pattern of the sample and condensed by said light 
condensing means into predetermined segments, and 
for receiving the light from the segments simulta 
neously by one-dimensionally scanning the light from 
the segments; 

photoelectric conversion means for converting optical 
signals of the light received by said light receiving 
means into electrical signals; 

control means for controlling a scan by said light receiv 
ing means in accordance With said photoelectric con 
version means; and 

data processing means for converting the electrical signals 
from said photoelectric conversion means into digital 
signals, and for recon?guring an image from the optical 
signals of the light from the segment received selec 
tively by said one-dimensional scan; 

Wherein the data processing means recon?gures the image 
by converting light intensity values of the optical 
signals into image data by an inverse control matrix 
operation; 

Wherein the light receiving means includes a shutter 
having a plurality of light passing/blocking cells; 

Wherein each predetermined segment of divided light is 
received by a different group of said plurality of light 
passing/blocking cells, each group having more than 
one cell and thus de?ning one of said predetermined 
segments; and 

Wherein said control means controls the scan by said light 
receiving means by selectively opening light passing/ 
blocking cells in each group in accordance With the 
electrical signals from said photoelectric conversion 
means. 

3. A scanning apparatus for scanning and reading a 
luminescent pattern of a sample in a ?at-plate shape, com 
prising: 

placing means for placing the sample as an object for 
reading; 

light condensing means for condensing light emitted from 
the luminescent pattern of the sample; 

movement means for moving said light condensing means 
relative to said placing means, light receiving means 
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for dividing the light emitted from the luminescent 
pattern of the sample and condensed by said light 
condensing means into predetermined segments, and 
for receiving the light from the segments simulta 
neously by one-dimensionally scanning the light from 
the segments; 

photoelectric conversion means for converting optical 
signals of the light received by said light receiving 
means into electrical signals; 

control means for controlling a scan by said light receiv 
ing means in accordance With the electrical signals 
from said photoelectric conversion means; and 

data processing means for converting the electrical signals 
from said photoelectric conversion means into digital 
signals, and for recon?guring an image from the optical 
signals of the light from the segments received selec 
tively by said one-dimensional scan; 

Wherein the control means for controlling the scan by said 
light receiving means conducts plural scans of a scan 
ning line for one luminescent pattern of the sample in 
accordance With the electrical signals from said pho 
toelectric conversion means; 

Wherein the data processing means adds light intensity 
values of the optical signals for the plural scans, and 
divides the light intensity values by the number of 
scans, to recon?gure the image according to averaged 
optical signals of the light from the segments; 

Wherein the light receiving means includes a shutter 
having a plurality of light passing/blocking cells; 

Wherein each predetermined segment of divided light is 
received by a different group of said plurality of light 
passing/blocking cells, each group having more than 
one cell and thus de?ning one of said predetermined 
segments; and 

Wherein said control means controls the scan by said light 
receiving means by selectively opening light passing/ 
blocking cells in each group in accordance With the 
electrical signals from said photoelectric conversion 
means. 

4. Ascanning apparatus for scanning and reading a pattern 
of a sample in a thin ?at-plate shape, comprising: 

a plane light source for illuminating the pattern of the 
sample With light in a ?at form When the sample is not 
luminescent; 

placing means for placing the sample as an object for 
reading; 

light condensing means for condensing light transmitted 
through the pattern of the sample from said plane light 
source; 

movement means for moving the light condensing means 
relative to said placing means, 

light receiving means for dividing the light from the 
pattern of the sample and condensed by said light 
condensing means into predetermined segments, and 
for receiving the light from the segments simulta 
neously by one-dimensionally scanning the light from 
the segments; 

photoelectric conversion means for converting optical 
signals of the light received by said light receiving 
means into electrical signals; 

control means for controlling a scan by said light receiv 
ing means in accordance With said photoelectric con 
version means; and 

data processing means for converting the electrical signals 
from said photoelectric conversion means into digital 




